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(5) Nonvolatile memory device and method for manufacturing same. 



(57) A groove (4) is formed in a semiconductor 
layer (1, 3), and a source region (2) is formed at 
a part of the groove within the semiconductor 
layer. A control gate (6) is buried via a first 
insulating layer (5) within the groove. A floating 
gate (8) is formed via a second insulating layer 
(5) on the control gate. The floating gate 
extends over the first insulating layer. A drain 
region (9, 9') is formed within the semiconduc- 
tor layer apart from the groove. 



Fig. 2 
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The present invention relates to a nonvolatile 
m mory device such as an electrical erasable and 
programmable read only memory (EEPROM), and 
more particularly, to a nonvolatile memory device 
with compensation for an over-erasing operation. It 5 
also relates to a method for manufacturing such a de- 
vice. 

Generally, an EEPROM cell includes a P-type 
semiconductor substrate having an N + -type source 
r gion and an NT- type drain region, a floating gate via 10 
an insulating layer on the semiconductor substrate 
between the source region and the drain region, and 
a control gate via another insulating layer on the 
floating gate. In a write mode, a high positive voltage 
is applied to the drain region and another high posi- 15 
tiv voltage is applied to the control gate while the 
source region is grounded. As a result, hot electrons 
having an energy larger than an energy barrier of the 
insulating layer between the floating gate and the 
semiconductor substrate are introduced into the 20 
floating gate, thus completing a writing operation. In 
this case, the threshold voltage of the EEPROM cell 
is made higher. On the other hand, in an erase mode, 
a high positive voltage is applied to the drain region 
and the control gate is grounded. As a result, the elec- 25 
trons stored in the floating gate are extracted there- 
from to the drain region utilizing the Fowler-Nord- 
heim tunneling effect. To realize the Fowler-Nord- 
heim tunneling effect, the insulating layers are made 
very thin. 30 

In the above-mentioned erase mode, however, 
when more electrons than those introduced in a write 
mode are extracted from the floating gate, the 
threshold voltage of the EEPROM cell may be made 
negative, i.e., the EEPROM cell becomes a depletion 35 
type transistor. Such an erasing operation is called an 
over-erasing operation. 

In order to compensate for such an over-erasing 
operation, there has been known an EEPROM cell 
having a selection gate (see: K.Naruke et al. :"A NEW 40 
FLASH-ERASE EEPROM CELL WITH SIDEWALL 
SELECT-GATE ON ITS SOURCE SIDE" , IDEM 
Tech. Digest, 1989, pp.603-606). This prior art EE- 
PROM cell is, however, disadvantageous in terms of 
integration and characteristics, which will be ex- 45 
plained later in detail. 

The present invention seeks to provide a nonvo- 
latile memory device which can be highly integrated 
and can have excellent characteristics. 

According to the present invention, a groove is 50 
formed in a semiconductor layer, and a source region 
is formed at a part of the groove within the semicon- 
ductor layer. A control gate is buried via a first insu- 
lating layer within the groove. A floating gate is 
formed via a second insulating layer on the c ntrol 55 
gate. The floating gate xtends over the first insulat- 
ing lay r. A drain region is formed within the semicon- 
ductor layer apart from the groove. Thus, an EE- 
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PROM cell is completed. 

In the above-mentioned EEPROM, v n when 
an over-erasing op ration is carried out to extract 
more carriers stored in the floating gate than thos 
introduced in a write mode, so that a channel is al- 
ways generated in the semiconductor layer beneath 
the floating gate, no channel is generated in a region 
of the semiconductor layer adjacent to the control 
gate when no voltage is applied thereto. Thus, the 
over-erasing operation is compensated for. 

Preferred features of the present invention will 
be more clearly understood from the description as 
set forth below, in comparison with the prior art, with 
reference to the accompanying drawings, wherein: 

Fig. 1 is a cross-sectional view illustrating a prior 

art EEPROM cell; 

Fig. 2 is a cross-sectional view illustrating a first 
preferred embodiment of the nonvolatile mem- 
ory device according to the present invention; 
Figs. 3A, 3B, 3C, 3D and 3E are cross-sectional 
views explaining the manufacturing steps of the 
nonvolatile memory device of Fig. 2; 
Fig. 4 is a cross-sectional-view illustrating a sec- 
ond preferred embodiment of the nonvolatile 
memory device according to the present inven- 
tion; and 

Fig. 5 is a cross-sectional view explaining the 
manufacturing steps of the nonvolatile memory 
device of Fig. 4. 

Before the description of embodiments, a prior 
art EEPROM cell will be explained with reference to 
Fig. 1 (see: the above-mentioned document). 

In Fig. 1, reference numeral 1 designates a P-ty- 
pe semiconductor substrate on which an insulating 
layer 102 is formed. A floating gate 103 is formed on 
the insulating layer 102. Also, an insulating layer 104 
is formed on the floating gate 103, and a control gate 
105 is formed on the insulating layer 1 04. Also, an in- 
sulating layer 106 is formed on the control gate 105 
and the semiconductor substrate 1 01 . Thus, the sem- 
iconductor substrate 101, the floating gate 103 and 
the control gate 105 are electrically isolated from 
each other. 

Further, a selection gate 107 is formed on the in- 
sulating layer 106 on one side of the floating gate 103 
and the control gate 105. In this state, N-type impur- 
ities are introduced into the semiconductor substrate 
101 in self-alignment with the floating gate 103 (the 
control gate 105) and the selection gate 107, to there- 
by create N + -type impurity regions, i.e., a source re- 
gion 108 and a drain region 108*. 

Note that reference numeral 109 designates a 
layer insulating layer, and 110 and 110' designate 
m tal connection layers conn cted to the source re- 
gion 108 and the drain region 108', respectively. 

The voltage at the selection gate 107 is control- 
led in connection with the voltage at the control gate 
105, and accordingly, the EEPROM cell of Fig. 1 can 
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be turned ON and OFF in spite of whether or not a 
charge is stored in the floating gate 103. 

The op ration of the EEPROM cell will be ex- 
plained b low. 

In a write mode, a high positive voltage such as 
7V is applied to the drain region 108 f and another 
high voltage such as 12V is applied to the control gate 
1 05 while the source region 108 is grounded. As a re- 
sult, hot electrons are generated in the vicinity of the 
drain region 108', and accordingly, the hot electrons 
having energy larger than an energy barrier of the in- 
sulating layer 102 are introduced into the floating 
gat 103, thus completing a write operation. In this 
cas , during a read mode, even when a voltage is ap- 
plied to the control gate 105, electrical lines are ter- 
minated by the electrons stored in the floating gate 
1 05, so that formation of a channel on the surface of 
the semiconductor substrate 101 is prevented. That 
is, the threshold voltage of the MOS transistor (EE- 
PROM cell) is shifted in a positive direction, thus ena- 
bling a storage operation. 

On the other hand, in an erase mode, a high pos- 
itive voltage such as 12V is applied to the drain region 
1 08\ while the control gate 1 05 and the source region 
1 08 are grounded. As a result, the electrons stored in 
the floating gate 103 are extracted therefrom to the 
drain region 108' utilizing the Fowler-Nordheim tun- 
nelling effect. To realize the Fowler-Nordheim tunnel- 
ling effect, the insulating layers 102 and 104 are both 
made about 120A thick. Therefore, when a voltage of 
12V is applied to the drain region 108', an electric 
field of approximately 5MV/cm is created in the insu- 
lating layer 102, to thereby realize such a tunnelling 
effect. 

In the above-mentioned erase mode, an over- 
erasing operation may occur. That is, when the con- 
trol of the tunnelling current is not going well, more 
electrons than those stored in the write mode may be 
extracted. When this over-erasing operation occurs, 
it is impossible to restore the EEPROM cell to a state 
that existed before the write operation was carried 
out. At worst, the threshold voltage of the EEPROM 
cell becomes negative, so that the EEPROM cell is 
conductive even when the control gate 105 is ground- 
ed. In other words, even when the control gate 105 is 
grounded, a channel is generated on a surface X1 of 
the semiconductor substrate 101 beneath the float- 
ing gate 103. In order to prevent the EEPROM cell 
from being such a depletion MOS transistor, the se- 
lection gate 107 is provided. As a result, even if a 
channel should be generated on the surface X1 of the 
semiconductor substrate 101 in spite of the charge in 
the floating gate 1 03, no channel is ever generated on 
a surface Y1 of the semiconductor substrate 101 as 
long as the sel ction gate 107 is grounded. Thus, an 
over-erasing operation can be compensated for by 
applying the ground voltage to the selection gate 107. 

In th EEPROM cell of Fig. 1 , however, since the 



selection gate 107 is formed on a sidewall of the float- 
ing gate 103 and the control gat 105, the EEPROM 
cell needs to be large in a lateral direction. Also, an 
lectrode and a connection layer connected to th se- 

5 lection gate 107 are required, to thereby reduce the 
integration of the device. 

Further, when forming this selection gate 107, a 
self-alignment method is adopted for the sidewall of 
the control gate 105. However, a step for manufactur- 

10 ing the sidewall by anisotropic etching is unstable, so 
that a precise dimension of the sidewall cannot be ob- 
tained, thus exhibiting an unstable characteristic. 

In Fig. 2, which illustrates a first preferred em- 
bodimentof the present invention, reference numeral 

15 1 designates a monocrystalline silicon substrate 
which may be an N-type or a P-type. Formed in the 
semiconductor substrate 1 is an NMype source re- 
gion 2. Also, formed on the silicon substrate 1 is a P- 
type monocrystalline silicon layer 3. An opening 4 is 

20 formed through the silicon layer 3 and reaches the 
source region 2, so that this opening 4 serves as a 
groove. An insulating layer 5 made of silicon dioxide 
is formed within the groove 4 and extends over the 
silicon substrate 1. 

25 A control gate 6 is buried within the groove 4. 

Also, formed on the control gate 6 is an insulating lay- 
er 7. Af bating gate 8 is formed on the insulating layer 
7 and extends over the insulating layers. 

Also, NMype drain regions 9 and 9' are formed 

so within the silicon substrate 101 apart from the groove 
4. Then, a layer insulating layer 10 is formed on the 
entire surface, and after contact holes are formed on 
the layer insulating layer 10, a metal connection layer 
1 1 is formed and connected to the drain regions 9 and 

35 9\ 

In the EEPROM cell of Fig. 2, since the control 
gate 6 adjacent to the source 2 is effectively operat- 
ed, even when an excess of electrons are extracted 
from the floating gate 8, it is possible to control a 

40 channel in the vicinity of the source region 2. In more 
detail, even if a channel is generated on a surface X2 
of the silicon substrate 1 in spite of the charge in the 
floating gate 8, no channel is ever generated on a sur- 
face Y2 of the silicon substrate 1 as long as that the 

45 control gate 6 is grounded. Thus, an over-erasing op- 
eration can be compensated for by applying the 
ground voltage to the control gate 6. 

Therefore, the selection gate 107 of Fig. 1 is un- 
necessary, so that the area of the device is reduced 

so to enable a high integration of the device. Also, the 
step for forming the sidewall for the selection gate is 
unnecessary, and therefore, unstable elements in 
the manufacturing steps are absent, thus enabling a 
stable characteristic. 

55 Note that, if the conductivity type of the silicon 

substrate 1 is the same as that of th source region 
2, a voltage for th source region 2 can be derived 
from the silicon substrate 1, i.e., a lower surface 
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thereof. Contrary to this, if the conductivity type of 
the silicon substrate 1 is opposite to that of the source 
region 2, a voltage for the source region 2 can be de- 
riv d from an upp r surface of the silicon substrate 
1 via a contact hole. 

The manufacturing steps for the EEPROM cell of 
Fig. 2 will be explained next with reference to Figs. 3A 
through 3E. 

As illustrated in Fig. 3A, a photoresist layer 2a is 
coated on amonocrystalline silicon substrate 1 which 
may be an N-type including impurities such as phos- 
phorus atoms or arsenate atoms having a density of 
10 16 cnrr 3 . 

Then, the photoresist layer 2a is patterned by 
conventional photolithography process. Then, 5 x 
10 15 arsenate ions (As + ) per square cm at 50KeV are 
implanted into the silicon substrate 1 with a mask of 
th patterned photoresist layer 2a, to form an NMype 
source region 2. 

Next, as illustrated in Fig. 3B, the photoresist lay- 
er 2a is removed. Then, an about 0.8 to 1.0 thick 
P-type monocrystalline silicon layer 3 is grown by mo- 
lecular beam epitaxial (MBE) method on the silicon 
substrate 1. Note that the P-type monocrystalline sil- 
icon layer 3 includes impurities such as 10 17 to 10 18 
boron atoms per cubic cm. Also, since this MBE meth- 
od is carried out at a temperature of about 700°C, a 
thermal diffusion hardly occurs in the source region 
2. 

Next, as illustrated in Fig. 3C, a photoresist layer 
3a is coated on the entire surface, and is patterned 
by conventional photolithography process. Then, the 
monocrystalline silicon layer 3 is etched with a mask 
of the patterned photoresist layer 3a, to create an 
opening 4, i.e., a groove 4 which leads to the source 
region 2. 

Next, as illustrated in Fig. 3D, the photoresist lay- 
er 3a is removed. Then, an insulating layer (5) about 
1 00 A thick and made of silicon dioxide is formed by 
thermal oxidation of the silicon substrate 1 and the 
monocrystalline silicon layer 3 or by chemical vapor 
deposition (CVD) process. 

Next, as illustrated in Fig. 3E, polycrysralline sil- 
icon including about 1 0 20 phosphorus atoms per cubic 
cm is deposited by CVD process, and is etched back 
to obtain a control gate 6 buried within the groove 4. 
Then, an insulating layer 7 is deposited on the control 
gate 6. For example, the insulating layer 7 is made of 
a triple layer formed by a 150 A thick silicon nitride 
layer sandwiched by a 1 00 A thick silicon dioxide lay- 
er and a 40 A thick silicon dioxide layer. Then, poly- 
crystalline silicon including about 10 19 to 10 20 phos- 
phorus atoms per cubic cm is deposited by CVD proc- 
ess, and is etched by conventional photolithography 
process, to obtain a floating gate 8. This floating gate 
8 is formed on the control gate 6 and extends over the 
insulating layer 5. After that 5x1 0 15 arsenate ions 
(Ar + ) per square cm at 70KeV are implanted in self- 



alignment with the floating gate 7, to obtain NMype 
drain regions 9 and 9*. 

Then, a layer insulating layer 10 and a metal con- 
nection layer 11 ar formed by conventional CVD 

5 process and photolithography process, to obtain the 
EEPROM cell of Fig. 2. 

In Fig. 4, which illustrates a second preferred em- 
bodiment of the present invention, a floating gate 
8' is formed only on one side of the control gate 6, and 

10 only the drain region 9 is formed only on the side of 
the floating gate 8'. As a result, although the manu- 
facturing ateps are the same as those illustrated in 
Figs. 3A through 3D, when implanting impurities into 
the monocrystalline silicon layer 3 for the drain region 

is 9, a step for masking the other side of the floating 
gate 8' with a photoresist layer 9a as illustrated in Fig. 
5 is required. However, since the drain region 9 is pro- 
vided only on one side, the integration can be en- 
hanced as compared with the first embodiment as il- 

20 iustrated in Fig. 2. 

Although the above-mentioned embodiments il- 
lustrate an N-type MOS transistor EEPROM cell, the 
present invention can be applied to a P-type MOS 
transistor EEPROM cell. 

25 In summary, in the preferred embodiments of the 

invention a groove is formed in a semiconductor layer 
and a source region is formed at a part of the groove 
within the semiconductor layer. A control gate is bur- 
ied via a first insulating layer within the groove. A 

30 floating gate is formed via a second insulating layer 
on the control gate. The floating gate extends over 
the first insulating layer. Adrain region is formed with- 
in the semiconductor layer apart from the groove. 
As explained hereinbefore, according to the pre- 

35 ferred embodiments of the present invention, since 
an opening or groove is formed within a semiconduc- 
tor layer for burying a control gate therein and a 
source region is provided at a part of the groove, a 
channel adjacent to the source region can be control- 

40 led by the voltage at the control gate in spite of a 
charge stored in a floating gate, thus compensating 
for an over-erasing operation. Also, the selection 
gate, which was necessary in the prior art, is unnec- 
essary, thus improving the integration of the device. 

45 Further, the step for forming the sidewall for the se- 
lection gate is unnecessary, thus realizing a stable 
characteristic. 

It will be understood that the present invention 
has been described above purely by way of example, 

50 and modifications of detail can be made within the 
scope of the invention. 

Claims 

55 

1. A nonvolatile memory device comprising; 

a semiconductor layer (1 , 3) of a first con- 
ductivity type having a groove (4); 
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a source region (2) of a second conductiv- 
ity type opposite to the first conductivity type, 
formed within said s miconductor layer at a part 
of said groove; 

a control gate (6) buried within said . 5 
groove; 

a first insulating layer (5) interposed be- 
tween said control gate and said semiconductor 
layer 

a floating gate (8) formed on said control 10 
gate and said semiconductor layer; 

a second insulating layer (7) interposed 
between said floating gate and said control gate; 

a third insulating layer (5) interposed be- 
tween said floating gate and said semiconductor is 
layer; 

a least one drain region (9, 9') of the sec- 
ond conductivity type formed within said semi- 
conductor layer apart from said groove. 

20 

2. A device as set forth in claim 1 , wherein said first 
insulating layer is manufactured simultaneously 
with said third insulating layer on said semicon- 
ductor layer. 

25 

3. A nonvolati le memory device comprising: 

a semiconductor substrate (1) of a first 
conductivity type; 

a source region (2) of the first conductivity 
type, formed with said semiconductor substrate; 30 

a semiconductor layer (3) of a second con- 
ductivity type opposite to the first conductivity 
type, formed on said semiconductor substrate, 
said semiconductor layer having an opening (4) 
leading to said source region; 35 

a control gate (6) buried within said open- 
ing; 

a first insulating layer (5) interposed 
among said control gate, said semiconductor 
substrate and said semiconductor layer; 40 

a floating gate (8) formed on said control 
gate and said semiconductor layer; 

a second insulating layer (7) interposed 
between said floating gate and said control gate; 

a third insulating layer (5) interposed be- 45 
tween said floating gate and said semiconductor 
layer; 

at least one drain region (9, 9') of the first 
conductivity type formed within said semicon- 
ductor layer apart from said opening. so 

4. A device as set forth in claim 3, wherein said 
drain region is manufactured simultaneously with 
said third insulating layer. 

55 

5. A nonvolatile m mory device comprising: 

a semiconductor substrate (1) of a first 
conductivity type; 



a source region (2) of a second conductiv- 
ity type opposite to the first conductivity typ , 
formed with said semiconductor substrat ; 

a semiconductor layer (3) of the first con- 
ductivity type, formed on said semiconductor 
substrate, said semiconductor layer having an 
opening (4) leading to said source region; 

a control gate (9, 9') buried within said 
opening; 

a first insulating layer (5) interposed 
among said control gate, said semiconductor 
substrate and said semiconductor layer; 

a floating gate (8) formed on said control 
gate and said semiconductor layer; 

a second insulating layer (7) interposed 
between said floating gate and said control gate; 

a third insulating layer (5) interposed be- 
tween said floating gate and said semiconductor 
layer; 

at least one drain region (9, 9') of the sec- 
ond conductivity type formed within said semi- 
conductor layer apart from said opening. 

6. A device as set forth in Claim 5, wherein said first 
insulating layer is manufactured simultaneously 
with said third insulating layer on said semicon- 
ductor layer. 

7. A device as set forth in any of the preceding 
claims, wherein said drain region is manufac- 
tured in self-alignment with said floating gate. 

8. A method for manufacturing a nonvolatile mem- 
ory device comprising the steps of: 

preparing a semiconductor substrate (1) of 
a first conductivity type; 

introducing impurities of the first conduc- 
tivity into said semiconductor substrate, to form 
a source region (2) within said semiconductor 
substrate; 

forming a semiconductor layer (3) of a sec- 
ond conductivity type opposite to the first con- 
ductivity type on said semiconductor substrate; 

forming an opening (4) through said sem- 
iconductor layer, said opening leading to said 
source region; 

forming a first insulating layer (5) on said 
semiconductor layer and said source region; 

forming a first metal layer (6) within said 
opening, said first metal layer serving as a con- 
trol gate; 

forming a second insulating layer (7) on 
said first metal layer; 

forming a second metal layer (8) on said 
second insulating layer and a part of said first in- 
sulating layer, said second m tal layer serving as 
a floating gate; and 

introducing impuriti s of the first conduc- 
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tivity type into said semiconductor layer, to form 
at least one drain r gion (9 } 9'). 

9. A method for manufacturing a nonvolatile mem- 
ory device comprising the steps of: 5 

preparing a semiconductor substrate (1 ) of 
a first conductivity type; 

introducing impurities of a second con- 
ductivity type opposite to the first conductivity 
into said semiconductor substrate, to form a 10 
source region (2) within said semiconductor sub- 
strate; 

forming a semiconductor layer (3) of the 
first conductivity type on said semiconductor 
substrate; 15 

forming an opening (4) through said sem- 
iconductor layer, said opening leading to said 
source region; 

forming a first insulating layer (5) on said 
semiconductor layer and said source region; 20 

forming a first metal layer (6) within said 
opening, said first metal layer serving as a con- 
trol gate; 

forming a second insulating layer (7) on 
said first metal layer; 25 

forming a second metal layer (8) on said 
second insulating layer and a part of said first in- 
sulating layer, said second metal layer serving as 
a floating gate; and 

introducing impurities of the second con- 30 
ductivity type into said semiconductor layer, to 
form at least one drain region (9, 9'). 

1 0. A method as set forth in claim 8 or 9, wherein said 
impurity introducing step for said drain region in- 35 
troduces impurities in self-alignment with said 
second metal layer. 

11. A method as set forth in claim 8, 9 or 10, wherein 
said second insulating layer forming step in- 40 
eludes the steps of: 

forming a first silicon dioxide layer; 
forming a silicon nitride layer on said first 
silicon dioxide layer; and 

forming a second silicon dioxide layer. 45 



50 
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Fig. 3D 
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Fig. 3E 
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(G) Nonvolatile memory device and method for manufacturing same. 

(57) A groove (4) is formed in a semiconductor 
layer (1 , 3), and a source region (2) is formed at 
a part of the groove within the semiconductor 
layer. A control gate (6) is buried via a first 
insulating layer (5) within the groove. A floating 
gate (8) is formed via a second insulating layer 
(5) on the control gate. The floating gate 
extends over the first insulating layer. A drain 
region (9, 9') is formed within the semiconduc- 
tor layer apart from the groove. 
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